The amorphous silicon electronic portal imaging device (EPID) has been used as a detector for linac QA measurements. [2] [3] [4] [5] [6] [7] [8] [9] [10] EPID is well suited to a number of linac QA tests as it provides a high spatial and temporal resolution two-dimensional digital measurement from a device that requires minimal setup time and is integrated into the linac. The latter allows for existing record and verify (R&V) databases to be used for data storage. Dose-response linearity [11] [12] [13] [14] and reproducibility 15, 16 of the EPID are also beneficial features for routine linac QA. A disadvantage of EPID as a detector for linac QA is the removal of the incident beam profile characteristics by the flood field correction. In addition, the high atomic number of the phosphor results in changed scattering properties compared to the equivalent depth in water 14, 17 and also introduces an energy-dependent response. 13, 18, 19 Backscatter from the EPID positioning arm has also been a source of image nonuniformity. 20 Solutions to some of these issues have been At the time of writing, there was only a single paper in the literature pertaining to evaluation of MPC. Clivio et al., 2015 21 published work, whereby the results of MPC were compared against other more routine monthly QA techniques. In this study, both MPC and the independent QA tests were run together on 10 consecutive days. From this dataset, the time required to perform MPC was investigated, and the mean and standard deviation was calculated for both MPC and independent QA measurements and compared.
The short duration of the study does not allow for any assessment of long-term stability and there is no measure of MPC sensitivity to machine errors, both of which are acknowledged by the authors. 
2.A.1 | MPC beam constancy checks
MPC is a closed system with minimal input from the user. The only parameters the user can adjust are the list of beams to be tested, the frequency of tests, and which measurement is to be used as baseline.
The individual tests, reported results, and thresholds are not able to be modified by the user. For the MPC beam constancy checks, the IsoCal phantom is retracted and the EPID set to 150 cm source-detector distance (SDD). Gantry and collimator are set to 0 degrees and an 18 9 18 cm 2 jaw defined field is used. Forty Monitor Units (MU) are delivered per beam energy using two distinct dose rates to incorporate a dose-rate constancy element into the testing. The raw (i.e., not flood field corrected) integrated images are analyzed. An up-to-date pixel correction map is required and from each image, comparison to the user-defined baseline image is used to determine changes in output, positioning of the beam center, and beam uniformity.
For the output measurement, the mean signal from a central 
Farmer type ionization chamber
An IBA FC-65G 0.6 cc Farmer type chamber at 10 cm depth in solid water phantom at 100 cm SSD was used as the standard for output measurement. The chamber response was traced to the secondary standards laboratory, and response constancy checks using a Strontium source were performed quarterly to ensure consistent chamber response.
Sun nuclear IC Profiler
The Sun Nuclear IC Profiler is a 2D ion chamber array specifically In-house EPID-based quality assurance The same 10 9 10 cm 2 field at collimator 90 degrees is also used to assess dose constancy. A 9 9 9 pixel ROI is generated in the center of the field from which the mean integrated pixel value is
recorded. This provides a measure that combines the output of the linac and any potential drift in the EPID response. 
2.B | Measurement methods
The MPC baselines were set for each beam energy. This was Table 2 were performed on a biweekly basis. MPC results were compared both to QA3
and routine monthly QA tests over the 5-month period. MPC short-term repeatability was assessed by performing five successive measurements on two different days and calculating the standard deviation. The detector was not moved each day between measurements.
For the beam center constancy and uniformity constancy comparison, the routine QA results were presented in a form most directly comparable to MPC. For the beam center check, the routine QA inplane and crossplane results were both determined. The plane with the greater deviation was compared to MPC.
Using the IC Profiler, the focal spot position was calculated using its inbuilt beam center parameter and measurements from collimator 
2.B.1 | MPC output sensitivity
The MPC output sensitivity was evaluated in two ways. Firstly, it was determined whether the deviation of MPC output from the local standard, Farmer ion chamber readings systematically changed over the 5-month period. Such a change would indicate a drift in the MPC response considering that the regular constancy checks using a strontium source showed no such drift in the ion chamber response.
Secondly, the output of the linac was adjusted by approximately immediately before and after this adjustment and the mean measured variation was compared to the ion chamber.
2.B.2 | MPC beam center sensitivity to change in focal spot position
As part of routine Annual QA testing, it was discovered that for the 6 MV beam the focal spot positioning in the crossplane direction was outside departmental tolerance based upon the IC Profiler method previously described. The effect of this error was a lateral shift in the field of 0.4 mm compared to collimator rotation axes. It was thought that the QA3 field shift and MPC beam center check should be sensitive to this change so both were run before and after the adjustment and results compared to the IC Profiler measured results.
2.B.3 | MPC uniformity sensitivity to changes in beam angle steering
The MPC beam uniformity check was evaluated to determine whether it was sensitive to changes in beam symmetry. To evaluate this, the linac beams were directly mis-steered by varying the angle steering based upon the symmetry measured using the IC Profiler.
MPC was performed and the measured variation in uniformity was compared to the IC Profiler. 
| RESULTS

3.A | MPC beam constancy repeatability
The repeatability measurements showed that output was repeatable to within AE 0.03%, the uniformity to within AE 0.1%, and the beam center to within AE 0.04 mm. Before repeatability measurements were performed, the baselines were reset. It was assumed that the results immediately post baseline reset would come back close to zero. In the 16 measurements (four measurements for each of four beams) taken for repeatability, it was found that the beam center averaged 0.05 mm AE 0.03 (1 SD), the output averaged 0.01% AE 0.06 (1 SD), and uniformity averaged 0.50% AE 0.12 (1 SD).
3.B | MPC output
The 
3.C | MPC output sensitivity
The results of Fig. 1 show how the MPC output is sensitive to gradual changes over time. The result of Table 3 shows how sensitive the MPC output is to a large sudden change in output. Table 3 shows that for a Monitor Chamber output adjustment of approximately 1.2%, the MPC measured output change is in agreement with ion chamber to within absolute difference of 0.17% for all energies.
3.D | MPC beam center
The results of T A B L E 3 Sensitivity of MPC output check to an approximate 1.2% output adjustment of the linac output.
Energy (MV)
Output adjustment (% difference) % Difference (ion chamber-MPC) Ion chamber MPC Figure 5 indicates that in the majority of the measurements, it was the jaw positioning that was the greatest contributor to beam center variation.
3.E | MPC beam center sensitivity to change in focal spot position
The results of Table 4 
3.F | MPC uniformity
The results of Table 5 for all energies. Figure 7 and Table 5 show that none of the methods agree with MPC uniformity within one standard deviation except the FFF beams using QA3; however, the MPC versus QA3 results for the FFF beams also have the largest standard deviation. F I G . 6. MPC uniformity results for the four beams (6 MV, 10 MV, 6 MV FFF, and 10 MV FFF) over the 5-month measurements period. Table 6 demonstrates how sensitive the MPC uniformity check is to changes in beam angle steering. Table 6 and ion chamber results differ by more than 1%. The ion chamber response is checked with a strontium source every quarterly and no drift was detected in these checks performed before, during, and after the measurement period suggesting that the ion chamber results can be relied upon during these measurements. This suggests that it is MPC drifting in response rather than the other methods.
The divergence is also apparent when comparing MPC to the inhouse EPID measure. As both of these methods utilize the EPID as the detector, the differences in the EPID acquisition would appear to be the source of the divergence. These differences include EPID calibrations including that MPC is not flood field corrected and potential difference in the dark field application, field size and ROI size differences, mode used for acquisition (in-house EPID using treatment mode, MPC using its own MPC major mode), the varied dose rate used for MPC rather than the constant dose rate for the in-house EPID. There is no clear evidence, which if any of these acquisition differences might be causing the divergence. 
4.B | MPC beam center
The results of 
4.C | MPC uniformity
The uniformity results of Fig. 6 demonstrate a systematic offset from the baseline present in all four beams. As the uniformity is measured by taking the ratio of the measured image against the baseline image, it would be expected that images taken immediately after the baseline would provide a result close to 0%, which may drift away from 0% over time. This is not evident in Fig. 6 . Measurements taken immediately after resetting the baseline indicated an average 0.5% systematic offset in uniformity. This is unexpected and not within measurement repeatability (AE 0.12% 1 SD). No explanation is provided for this offset.
The statistical disagreement between MPC uniformity and QA3, IC Profiler, and in-house EPID measured combined symmetry as presented in Table 5 Table 6 show a systematic insensitivity of MPC compared to IC Profiler. The results for 10 MV FFF (Table 6) show even less agreement than the 6 MV FFF beam, but as explained previously, the 10 MV FFF beam had greater magnitude of steering then the other beams and this distorts the results.
The effect of beam angle steering on the FFF profiles was found to be different than the flattened beams. For flattened beams, the expected effect of a tilting of the profile was observed, while for the FFF beams, the most noticeable change was a lateral shifting of the peak. In both cases, shifting of the positioning of the penumbra was
negligible. An example of this is shown in Fig. 8 . This behavior may provide an explanation as to why the MPC uniformity sensitivity does not agree with combined symmetry measurements as well for FFF beams as it does for flattened beams as shown in Table 6 . The 
| CONCLUSION
The three MPC beam constancy tests have been evaluated against daily QA and monthly QA procedures over a period of 5 months.
Each MPC test has also been tested for sensitivity to appropriate changes in the linac beams that they could be expected to detect.
The beam output and beam center tests have been found to be at least equivalent to routine daily QA procedures and in some ways superior. A drift in MPC output was observed that suggests that regular intercomparison of MPC output with an ion chamber is required.
This is now performed monthly in the department. The uniformity test was found to give a result offset from zero in measurements taken immediately after resetting the baseline. Uniformity was found to be accurate and sensitive to changes in beam symmetry for the 
